Knowledge of the relative contributions of different water sources to intracellular fluids and body water is important for many fields of study, ranging from animal physiology to paleoclimate. The intracellular fluid environment of cells is challenging to study due to the difficulties of accessing and sampling the contents of intact cells. Previous studies of multicelled organisms, mostly mammals, have estimated body water composition-including metabolic water produced as a byproduct of metabolism-based on indirect measurements of fluids averaged over the whole organism (e.g., blood) combined with modeling calculations. In microbial cells and aquatic organisms, metabolic water is not generally considered to be a significant component of intracellular water, due to the assumed unimpeded diffusion of water across cell membranes. Here we show that the 18 O/
Knowledge of the relative contributions of different water sources to intracellular fluids and body water is important for many fields of study, ranging from animal physiology to paleoclimate. The intracellular fluid environment of cells is challenging to study due to the difficulties of accessing and sampling the contents of intact cells. Previous studies of multicelled organisms, mostly mammals, have estimated body water composition-including metabolic water produced as a byproduct of metabolism-based on indirect measurements of fluids averaged over the whole organism (e.g., blood) combined with modeling calculations. In microbial cells and aquatic organisms, metabolic water is not generally considered to be a significant component of intracellular water, due to the assumed unimpeded diffusion of water across cell membranes. Here we show that the 18 O/
16
O ratio of PO 4 in intracellular biomolecules (e.g., DNA) directly reflects the O isotopic composition of intracellular water and thus may serve as a probe allowing direct sampling of the intracellular environment. We present two independent lines of evidence showing a significant contribution of metabolic water to the intracellular water of three environmentally diverse strains of bacteria. Our results indicate that ∼30-40% of O in PO 4 comprising DNA/biomass in early stationary phase cells is derived from metabolic water, which bolsters previous results and also further suggests a constant metabolic water value for cells grown under similar conditions. These results suggest that previous studies assuming identical isotopic compositions for intracellular/extracellular water may need to be reconsidered. metabolic water | isotope probing | phosphate oxygen isotopes M etabolic water, more precisely defined as an isotopically distinct flux of O (and H) produced during metabolism (1) , has been studied extensively as an alternative water source contributing to body water in animals, such as desert mammals, insects, and migrating birds (2-6), but does not easily lend itself to direct measurement. In recent years, interest in metabolic water has been extended to its oxygen isotopic composition ( O value) and contribution to body water because this information is crucial to the interpretation of biomineral [e.g., carbonate-CaCO 3 -and phosphate-Ca 3 (PO 4 ) 2 ] oxygen isotopic compositions used heavily in paleoclimate/paleohydrological research (7) (8) (9) (10) (11) (12) (13) (14) . This includes biomineral shells of aquatic marine organisms that are preserved in the geologic record and used to infer Earth's climate history (15) (16) (17) (18) (19) .
A core assumption of applications of biomineral oxygen isotopic compositions to infer environmental conditions is that the 18 O:
16 O ratio is controlled by exchange of oxygen isotopes between oxyanions comprising the biomineral and ambient water in bodily fluids (i.e., body water) (9, (20) (21) (22) (23) (24) . In multicellular eukaryotic organisms, body water includes all water found in various body compartments (e.g., intravascular/intercellular) and bodily fluids (e.g., blood plasma, urine, breath vapor), including water produced by metabolism, and is averaged over the entire organism (25, 26) . Blood is the largest reservoir of body water in mammals. Accordingly, most previous studies have been based on measurements of total body water in blood, in urine, or in breath CO 2 that has exchanged and presumably equilibrated with body water, and, thus, not on direct measurement of intracellular water.
A strong linear relationship has been observed between δ 18 O values of body water determined from mammal blood and δ
18 O values of extracellular (ingested) water, which is equivalent to local meteoric water (1, (27) (28) (29) (30) . A contribution of metabolic water to body water can be detected using this linear relation based on deviation of the slope from a value of 1 (7, 8, 28, (30) (31) (32) . Based on slopes and modeling calculations, the percentage of metabolic water has been determined to vary between 7% and 56% among different mammal species (7, 8, (30) (31) (32) (33) (34) .
In contrast to macroorganisms and mammals, microorganisms are primarily unicellular (e.g., bacteria and archaea), and, thus, body water is equivalent to intracellular water, which has traditionally been assumed to be identical to water in the surrounding extracellular medium (35), without consideration of a metabolic water component.
Here we present two independent lines of evidence for a significant contribution of metabolic water to the intracellular water pool of bacterial cells, based on a new approach for detecting the contribution of metabolic water by direct sampling of the intracellular environment through measurement of the 
We investigate oil aerobic biodegradation by indigenous microbes in flooding well. The pathways of alkanes and aromatics were proposed. n-Alkane and partial PAHs were similar for aerobic and naturally biodegraded samples. Aerobic biodegradation caused change of biomarkers but some showed opposite tendency. This method represents a vital role in oil spill remediation.
Introduction
Indigenous microorganisms inhabit aquatic as well as oil-bearing deep sub surface environments (Magot et al., 2000) . Biodegradation of crude oil is a common process and takes place in many oil reservoirs all over the world (Prince et al., 2013) . In undisturbed oil reservoirs, aerobic biodegradation is limited, due to lack of oxygen, and a few aerobic microbiota exist in meteoric formation water incursion that might contain oxygen. Therefore, anaerobic degradation, and particularly methanogenesis, might be the main crude oil biodegradation process in reservoirs (Aitken et al., 2004; Jones et al., 2008) . However anaerobic and aerobic processes are synergistic and their microbiota lifecycles coexist in the oil reservoir (da Cruz et al., 2008) , especially which are disturbed by human activity.
With the development of petroleum industry, secondary recovery processes started being used as enhanced oil recovery strategies. Among these processes, water flooding is widely applied due to its operational simplicity and low-cost (Shedid, 2006; Yadali Jamaloei et al., 2011) . The injection water is recycled in the whole flooding process, by which oxygen and exogenous microorganisms can be taken into the reservoir, and may activate the aerobic degradation partially. Oil production will become more and more dens, viscous and heavy with the time of extraction (Head et al., 2003; Aitken et al., 2004; Jones et al., 2008) . However, limited information has been reported on aerobic biodegradation in oil reservoir, and many research just suggested that biodegradation can cause oil souring and increased viscosity, sulfur and metal content 
• Impacts of carbon nanotubes on aquatic microbial communities were studied with Cu and Cr.
• Functionalized CNTs exhibited stronger toxicity.
• The addition of metals enhanced toxicity of CNTs.
• The major impacts were observed at 10 days, but the microbial community recovered at 40 days.
• Bacillus sp. and Acidithiobacillus sp.
were the dominant taxa. 
g r a p h i c a l a b s t r a c t a r t i c l e i n f o

b s t r a c t
Environmental impacts of carbon nanotubes (CNTs) arise both from the characteristics of CNTs as well as from their sorbed contaminants from aquatic environments. In this work, we employed pristine, carboxyl-, hydroxyl-and amino-functionalized multi-walled CNTs and pristine single-walled CNTs to quantify and compare their impacts on aquatic microbial communities in the absence and presence of Cu or Cr. Aliquots of samples were set up to 10 and 40 days for culture-dependent analyses, namely, quantitative real-time polymerase chain reaction and denaturing gradient gel electrophoresis. Results revealed that the presence of CNTs or the mixture of CNTs and metals transiently affected microbial communities, and toxicity of CNTs was enhanced with the addition of metals. Meanwhile, functionalized CNTs exhibited stronger toxicity. The major impacts were observed after 10 days of exposure, but the microbial community could recover at 40 days to some extent. Though microbial communities recovered, total microbial numbers continued to decrease with contact time. Analysis of sequence cloned 16S rDNA indicated that Bacillus sp. and Acidithiobacillus sp. were the dominant taxa. Overall, CNTs would have more serious risk to an ecosystem in the presence of metals.
© 2015 Published by Elsevier B.V. 
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• The acute toxicity of PFOA to P. putida was studied by microcalorimetry.
• The interaction of PFOA with Cr (III) and TBA was antagonistic.
• Free NH 3 could not be a significant contributor to the observed toxicity of PFOA.
• A substantial enhancement of the surface pressure of PFOA due to TBA is observed.
• The higher the surface pressure, the lower the toxicity of PFOA. 
a r t i c l e i n f o
b s t r a c t
Perfluorinated compounds are potential persistent organic pollutants which attracted much concerns in recent years. Thus relevant toxicity data of perfluorooctanoic acid (PFOA) are vitally important for identification of possible risk in the aquatic environment. In the present study, the acute toxic effect of PFOA in the absence and presence of either chromium (III) or tetra butyl ammonium (TBA) towards Pseudomonas putida in the aquatic environment was investigated by microcalorimetry. The thermokinetic parameters including growth rate constant (k), inhibitory ratio, and half inhibitory concentration, were calculated and compared using the data obtained from the power-time curves. Our work revealed the toxicity of PFOA under three experimental conditions in a descending sequence: PFOA, PFOA + Cr 3+ , and PFOA + TBA. The results highlighted that the presence of un-ionized NH 3 in the test solutions could not be a potential significant contributor to the observed toxicity of PFOA. In addition, PFOA interacted antagonistically with Cr 3+ and TBA. TBA was found to substantially enhance the surface pressure of PFOA which could be related with the toxicity of PFOA. The higher surface pressure caused for the reduction in toxicity. Thus the results highlighted the potential toxicological risk associated with this surfactant in the aquatic ecosystems.
© 2013 Elsevier B.V. All rights reserved.
Introduction
Perfluorinated chemicals (PFCs) are synthetic fluorinated surfactants composed of a hydrophilic functional group and a hydrophobic alkyl chain in which all hydrogens are replaced by fluorine. In the past half century, PFCs have been widely found in numerous commercial and industrial applications as surfactants, refrigerants and polymers, and also as components of pharmaceuticals, fire retardants, lubricants, adhesives, paints, cosmetics, agrochemicals and food packaging [1] . Owing to the presence of high-energy C F bonds (the strongest of all covalent bonds), PFCs are highly resistant to both chemical and biological degradation under normal environmental conditions and hence expected to be highly persistent in the environment • Both MWCNTs and laccase could be successfully encapsulated into electrospun fibers.
• MWCNTs-LCEFMs showed higher activity recovery and better stability than LCEFMs.
• Specific surface area and tensile strength of MWCNTs-LCEFMs were also improved.
• Addition of MWCNTs enhanced adsorption and removal efficiency of LCEFMs for BPA.
• MWCNTs-LCEFMs exhibited better endurance to the change of pH and temperature. 
a r t i c l e i n f o
b s t r a c t
Multi-walled carbon nanotubes (MWCNTs) were used as modified materials to improve the performance of laccase-carrying electrospun fibrous membranes (LCEFMs). The MWCNTs modified LCEFMs (MWCNTsLCEFMs) were successfully fabricated via emulsion electrospinning, with active laccase and MWCNTs encapsulated inside the fibers. After modified by an optimal amount (1.5 wt%, vs. polymer) of MWCNTs, the obtained MWCNTs-LCEFMs showed not only higher activity recovery (85.3%, vs. free laccase) than LCEFMs (71.2%), but also better storage and operational stability, which were mainly attributed to the promoted electron transfer in laccase-catalytic reaction. Furthermore, the specific surface area and tensile strength of MWCNTs-LCEFMs have also been enhanced nearly 2 and 3 times than those of LCEFMs, respectively. The MWCNTs-LCEFMs were applied to remove the widespread bisphenol A from water, where their removal efficiency reached above 90%, with the degradation efficiency accounting for over 80%, and their adsorption efficiency increased about 45% than that of LCEFMs. In addition, the endurances of MWCNTs-LCEFMs to environmental factors such as pH and temperature were also improved. © 2016 Elsevier B.V. All rights reserved.
Introduction
Laccase (p-diphenol: dioxygen oxidoreductases, EC 1.10.3.2) is an extracellular enzyme, and ubiquitous in fungi, plants, insects and a few bacteria. It belongs to multi-copper polyphenol oxidase, containing four copper ions in two active sites [1, 2] . It is reported to be rather unspecific and be able to catalyze a broad range of substrates, including phenols, polyphenols, chlorinated phenols, polyamines, dyes, aromatic substrates and some inorganic com-pounds, via a single-electron oxidation mechanism [3] [4] [5] . The wide substrate specificity of laccase made it an important tool in wastewater bioremediation, pulp and paper manufacturing, wine making, textile dyeing and finishing industries, etc [6, 7] .
However, the practical application of free laccase in various industries, especially in wastewater treatment was infrequent. This is mainly because that free laccase is expendable and easily loses its activity when exposed to the actual environment, its poor storage and operational stabilities usually bring about quite high costs in the actual industries [5] . The immobilization of laccase offers several improvements for its applications, including increase in storage and operational stabilities, better control of the enzymatic reaction in aqueous solution, and permission to repeated use [8] . Numerous supports, such as porous nanomaterials 
h i g h l i g h t s
• A novel bacterium was isolated and identified as Pseudomonas sp. USTB-RU.
• Efficiently degrade PHE, exhibited potential to produce surface-active compounds.
• It utilizes commonly coexist hazardous contaminants other than PHE.
• Exhibited adaptability to a range of pH, temperature and PHE concentrations.
• It shows high potential to use in in situ bioremediation of PHE contaminated sites. 
a r t i c l e i n f o
a b s t r a c t
The phenanthrene degrading novel bacterium strain USTB-RU was isolated from petroleum contaminated soil in Dagan oilfield, southeast of Tianjin, northeast China. The novel isolate was identified as Pseudomonas sp. USTB-RU on the basis of morphological, physicochemical characteristics and analysis of 16S rDNA gene sequence. The strain could degrade 86.65% of phenanthrene at an initial concentration of 100 mg L −1 in 8 days and identified intermediate metabolite evident the biodegradation of phenanthrene through protocatechuate metabolic pathway. The strain showed the potential to produce surface-active compounds that may have caused for the resulted efficient biodegradation through enhancing the substrate bioavailability. The results highlighted that the adaptability of USTB-RU to grow in a range of temperature, pH and potential to utilize various commonly co-exist pollutants in contaminated site other than phenanthrene as sole carbon and energy source. Further, susceptibility of the strain for the tested antibiotics inferred the possibility to absence of risk of spreading drug resistant factor to other indigenous bacteria. Therefore, the isolated novel strain USTB-RU may have a high potential for application in in situ bioremediation of phenanthrene contaminated environment.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are a group of organic pollutants which enter into the environment from different sources mainly due to anthropogenic activities. At present they have become ubiquitous pollutants in soils at oil refineries, gaswork, wood preservation plants, runoff from combustion process [1] . There has been a growing environmental concern toward PAHs due to their wide distribution, persistence and toxicity to human beings and other biota [2] . Therefore, the Environmental Protection Agency (EPA) of the United States has categorized 16 PAHs as priority pollutants. More researches have been carried out to find the ways and means to remediate PAHs contaminated sites [3, 4] .
In the contaminated environments, these hazardous pollutants are subjected to different biotic and abiotic interactions, such as adsorption, volatilization, chemical oxidation, photolysis and microbial degradation, resulting transformation or detoxification [1, 5] . On the basis of these natural processes, technologies The environmental behavior of carbon nanotubes (CNTs) and humic acid (HA) is a prominent concern, but effect of functionalities on their sorption is not clear yet. Functionalized multi-walled CNTs (MCNT15) and HA were used to study their sorption behavior. Sorption rate of HA to MCNTs was dominantly controlled by its diffusion from liquid-MCNT boundary to MCNT surfaces. The sorption is in the sequence of MCNT15 > MCNT15-NH 2 > MCNT15-OH > MCNT15-COOH > MCNT15-Ni, which was dependent on their surface area and meso-and macro-pore volume. The functionalities of MCNTs regulated the sorption by affecting their interaction mechanisms (i.e., H-bonding, pep, and hydrophobic interaction).
Additionally, the amount of these functionalities on the MCNT surface reduced indirectly the sorption sites due to the steric hindrance. Electrostatic repulsion deceased the sorption of HA by MCNTs with increasing pH. This study demonstrated the importance of functionalities on the MCNTs for the sorption of HA. Ó 2013 Elsevier Ltd. All rights reserved.
Carbon nanotubes (CNTs) with unique structure of extensive sp 2 carbon atoms arranged in fused benzene rings keep attracting a great deal of research attention. Their structures give them exceptional electrical, chemical, and physical properties, which are utilized in various applications, e.g., sorbent, polymeric materials, medical products (Petersen et al., 2011) . With increasing production and potentially wide use, CNTs will be inevitably released into the environment and then generate potential ecological risk. Some previous studies provide estimated releases of CNTs into various media (i.e., air, water, soil, and sediment), and the consequent risks to various ecological receptors (Gottschalk et al., 2009 (Gottschalk et al., , 2010 Zhao et al., 2012) . Therefore, the understanding of the environmental behavior of CNTs is an important issue for evaluating environmental and health impact of CNTs. Dissolved organic matter (DOM) is ubiquitous in the environment. Once CNTs are released into the environment, they will interact with DOM (Hyung and Kim, 2008) . As a consequence of the interaction, the environmental behavior would alter. Pristine MCNT could be stabilized (suspended) in the aqueous phase by DOM which might provide sterically and electrostatically stable surfaces to MCNTs after sorption to MCNTs (Hyung et al., 2007) . This result suggested that the dispersion of CNTs might occur to some extent in the natural aquatic environment. In this case, the sorption of organic contaminants by CNTs would be changed. For example, the physical form and surface properties of DOM (humic acid)-coated MCNT dramatically were altered, but the coating did not make striking changes on sorption of phenanthrene, naphthalene and 1-naphthol by MCNT (Wang et al., 2008) . Additionally, phenanthrene sorption by nano-TiO 2 and nano-ZnO particles was enhanced significantly by coated humic acids (HAs), which was contributed to different functional groups of HA (i.e., phenolic OH with nano-TiO 2 , while COOH with nano-ZnO) (Yang and Xing, 2009b) . These various findings illustrate that the obvious differences may be due to the functionalities of nanoparticles. Because the various functional groups affect the sorption between sorbents and sorbates by changing the intensity of H-bond, pep, and hydrophobic interaction, the functionalities of nanoparticles would regulate the overall sorption as a main factor except for the surface area.
Up to now, many studies were focused on the sorption of various organic matters to different carbonaceous nanoparticles. The surface area and sum of meso-and macro-porosity-normalized sorption coefficient values of a given HA by MCNTs increased with increasing outer diameters of MCNTs (10e20, 40e60, and 60e 100 nm), because MCNTs with larger outer diameter were more a b s t r a c t
The removal of polycyclic aromatic hydrocarbons (PAHs) from aqueous solution is challenging to environmental technologists. Agricultural waste is apparently the most attractive materials in removing PAHs because of its abundance, renewability, and economic advantage. The adsorption of PAHs (e.g., naphthalene) onto walnut shell (WNS) and its fatty acid (e.g., capric acid, lauric acid, palmitic acid, and oleic acid)-modified equivalent were investigated in this work to develop low-cost biosorbents for hydrophobic organic compounds. Compared with other modified sorbents, oleic acid graftted walnut shell (OWNS) showed the maximum partition coefficient (4330 ± 8.8 L kg −1 ) because of its lowest polarity and highest aromaticity. The adsorption capacity (7210 μg g −1 ) of OWNS at the temperature of 298 K was observed for an initial naphthalene concentration of 25 mg L −1 with contact time of 40 h, sorbent dosage of 1 g L −1 , and in neutral condition. Furthermore, the regeneration capability of OWNS implied that it was a promising biosorbent for naphthalene removal.
Petroleum contamination is a great threat to environmental protection worldwide. The increasing crude oil production and Abbreviation: PAH, polycyclic aromatic hydrocarbon; WNS, walnut shell; CWNS, capric acid graftted walnut shell; LWNS, lauric acid graftted walnut shell; PWNS, palmitic acid graftted walnut shell; OWNS, oleic acid graftted walnut shell.
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increasing probability of accidents (e.g. extraction, transportation and storage) have been promoting the risk of hydrocarbon spillage or leakage (Kavitha et al., 2014) . Crude oil is a highly complex compound consisting of aromatic, aliphatics, and polar chemicals (Kim et al., 2013) . Among the organic components, polycyclic aromatic hydrocarbons (PAHs) have received much attention because of their high persistence in the environment (Yang et al., 2015) . Contamination by PAHs presents a significant risk to both local ecosystem and human health. 
Simulated the photodegradation process of DMP with the existence of heavy metals. Investigated the inhibiting mechanism of heavy metals on the photodegradation of DMP from different perspectives. It was found that the main metal speciations in water which inhibited the degradation of DMP were Cu(OH) þ and Pb(OH) (R 2 > 0.9946), Pb 2þ (R 2 > 0.6879) on DMP is strongly correlated with the concentration of ions. And the equilibrium membrane dialysis experiment has also verified the combination of DMP and Cu, Pb. These results are useful to understand the effect mechanism of metal species on the photodegradation of organic chemicals. © 2016 Elsevier Ltd. All rights reserved.
Phthalic acid esters (PAEs) are widely abundant industrial chemicals produced in large quantities for nearly 50 years (Fromme et al., 2002) . These chemicals have been used as additives in the production of plastics, polyvinyl acetates, celluloses, polyurethanes, and polyvinyl chloride (Fang et al., 2007) . Because they are not chemically bound to the polymeric matrix, PAEs can unintentionally enter the environment during the manufacturing processes or by leaching from final products (Chi and Gao, 2015) . In addition, as an important ester-foaming agent, which has been widely used for decades in China and the former Soviet Union, PAEs can improve the recovery efficiency of copper during the flotation of copper silicate (Zhu, 1993) . Different PAEs flotation reagents include 1,2-Benzenedicarboxylicacid, 1,2-bis(3-methoxypropyl) ester, dimethyl o-phthalate (DMP), 1,2-Benzenedicarboxylicacid, 1,2-bis(2-ethoxyethyl) ester and others. Specific industrial application in ore flotation has led to PAEs-heavy metals combined pollution in the environment (Li et al., 2009) . PAEs have been etiologically associated with several human diseases, including disorders of the neuroendocrine system, and skeletal dysfunction (Eriksen et al., 1988) .
DMP is a typical PAEs flotation reagent for lead and zinc sulphide ore flotation (Zhu, 1993) . Xu et al. (2010) found that DMP could hardly be degraded by sunlight without catalyst. Many
